Objective: To deduce recommendations from the literature on the management of kidney damage caused by tuberous sclerosis complex (TSC). Material and methods: Five practitioners have written up recommendations after reviewing the literature. They were evaluated by 14 experts using a 9 level scale (1: complete disagreement; 9: complete agreement), then reworded until each item received a median score of greater than or equal to 8. Results: Forty-eight to 80% of patients with TSC have kidney disease with the presence of angiomyolipomas (AML), cysts, cancers and/or progression towards renal insufficiency. An abdominal ultrasound (and serum creatinine level if there is an abnormality) is recommended as soon as the TSC is diagnosed. The evaluation should be repeated every 3 to 5 years if it is normal. Numerous and voluminous cysts are suggestive of associated polycystosis. After 20 years of age, the monitoring should be based on CT scan or MRI, which are more precise in the monitoring of AML. The biopsy of a renal mass should be discussed if there are calcifications, central necrosis ଝ These guidelines have originally been published under the reference Rouvière O, Nivet H. Grenier N, Zini L, Lechevallier E. Prog Urol 2012;22 (7):367-79 and have been translated and are reproduced with permission from the publisher. The original reference must be used when citing the article.
or rapid growth. Lymphangioleiomyomatosis should be screened for in women via pulmonary CT scan at 18 and 30 to 40 years of age. Haemorrhagic rupture of an AML should be treated in firstline by embolisation. Asymptomatic AMLs that cumulate risk factors for bleeding (size > 80 mm, predominant vascular contingent, micro-aneurisms) should be preventively treated, if possible by embolisation. The role of mTOR inhibitors remains to be defined. Conclusion: Monitoring and a standardised treatment are necessary to improve the treatment of renal damage caused by TSC. © 2013 Éditions françaises de radiologie. Published by Elsevier Masson SAS. All rights reserved.
Tuberous sclerosis complex (TSC) is a autosomal dominant phakomatosis affecting approximately one in 6000 births, with a prevalence of one in 11,000 to 14,000 after the age of 10 years [1, 2] . It is caused by damage to the TSC1 (9q34) or TSC2 (16p13) genes coding respectively for hamartin and tuberin, which regulate cell proliferation and the mTOR route. TSC is characterised by the growth of multiple hamartomatous lesions (brain, skin, kidneys, heart, lungs, retina, etc.). The neurological signs are predominant with epilepsy, mental retardation and/or behavioural disorders such as autism [1, 3] .
Kidney damage is the second cause of mortality/morbidity all ages combined and the first cause of mortality after 30 years of age [4] [5] [6] [7] . It affects 48 to 80% of patients [5, [8] [9] [10] [11] , and is dominated by the onset of angiomyolipomas (AMLs), cortical cysts, malignant lesions or lesions with malignant potential (renal cell carcinomas, epithelioid angiomyolipomas [EAMLs]) and/or chronic renal insufficiency (CRI).
Renal AMLs affect 34 to 80% of patients [8] [9] [10] 12, 13] . They are numerous, bilateral and voluminous [14] [15] [16] [17] , especially if there is mutation of TSC2 [10, 13] or intellectual retardation [13, 18] . Patients with AML appear to have more common retinal hamartomas, cardiac rhabdomyomas and cutaneous lesions [4] . The main complication of AML is spontaneous haemorrhagic rupture, which can require a nephrectomy or emergency embolisation. AMLs can also destroy the renal parenchyma and create CRI [16, 19] .
Renal cysts affect 14 to 45% of adults with TSC and 10 to 20% of children [5, 8, 10, 12, 20] . Small and rarely symptomatic [10, 21] , their number is less than 5 in 45 to 64% of cases. They are bilateral in 22 to 60% of cases [10, 20] .
The progression towards CRI, which is a cause of death in adulthood [7] , concerns less than 2 to 5% of patients [21] [22] [23] . It can be iatrogenic (nephrectomy, embolisations, drug toxicity), or caused by AMLs or renal polycystosis (RPC) [9, 19, 20, 24] . The TSC2 gene is the neighbour of the PKD1 gene (16p13.3) involved in adult dominant RPC. A deletion that simultaneously affects both genes can give rise to RPC that can be detected starting in childhood and causes terminal CRI in the second or third decade of life (''TSC2/PKD1 contiguous gene syndrome'') [3, 5, 25] .
The association between TSC and malignant kidney tumours remains a subject of debate [26] , with a cancer rate of 0.5 to 4.2% [5, 8, 10] . Paediatric cases and multiple tumours [27, 28] have given rise to the hypothesis that TSC could be a risk factor, but this remains controversial [26] . Certain cancers described could also correspond to EAMLs, a potentially malignant variant of AMLs [6, [29] [30] [31] [32] [33] [34] .
The management of renal damage caused by TSC, which is potentially serious, is still not very standardised. The objective of this work is to summarise this renal damage and deduce recommendations for management from the literature.
Material and methods
In September 2008, the French Reference Centre on TSC called on the Urology, Nephrology and Imaging Departments of French University Hospital Centres (UHCs) to establish recommendations on the treatment of renal damage caused by TSC. In May 2009, the physicians who were interested in nine UHCs wrote up 10 practical questions that should be the object of recommendations. Five practitioners (OR, HN, LZ, NG, ELC) wrote up, after reviewing the literature, a first version of the recommendations, which was evaluated by a panel of experts. The agreement of the experts for each item was estimated using a Likert scale with nine levels (1: complete disagreement; 9: complete agreement) and free comments. The recommendations were reworded until each item received a median score of greater than or equal to 8.
Clinical questions and recommendations

Should kidney damage caused by tuberous sclerosis complex be screened for?
The objective of screening for kidney damage caused by TSC is the prevention of the progressive risks (death, bleeding, CRI, cancer). Its benefit on the incidence of complications and morbidity/mortality has not been studied. However, a renal evaluation should be a part of the initial treatment of patients for most of the authors [1, 4, 9, 20, 24, 35, 36] .
RECOMMENDATION 1: NEED FOR SCREENING FOR KIDNEY DAMAGE
Due to their frequency and severity, the screening and monitoring of renal lesions is indicated in all patients with TSC. The initial renal evaluation should make it possible to advise the family and the patient and to plan the follow-up and treatment (type of imaging, frequency, prophylactic treatment).
What type of monitoring should there be before the age of 20?
Kidney damage caused by TSC develops mainly before 20 years of age. In 41 patients, its prevalence was 19% before 7 years of age, 33% between 8 and 16 years of age and 62% after that [21] . In 60 children, the rate of kidney damage went from 55% at the beginning of monitoring (mean age, 6.9 years) to 80% at the end of the study (mean age, 10.5 years) [9] . The median age of detection for the first abnormality was 7.2 to 11.1 years [9, 10, 20, 21] . Cysts can exist starting from birth, and AMLs can appear during the first 2 years of life [9, 20] . The kidney damage appears to be constituted at the end of adolescence [9, 21] , with a few observations of abnormalities that appeared after 20 years of age [10, 21] . In these cases, the kidney damage was detected by ultrasound, which is less sensitive than a CT scan. Certain patients could thus have moderate abnormalities that were not detected before 20 years of age.
AMLs grow in the second decade of life [9, 10, 20, 21] with growth that can reach more than 4 cm per year [9, 10] . Bleeding complications remain exceptional before 20 years of age [10, 21] .
The course of the cysts is variable: disappearance [9] or progression in size and in number [4, 20] . Simple cysts that are not very numerous and not very progressive should be differentiated from RPC-related cysts, which are numerous, voluminous, bilateral and precocious [21] .
The monitoring protocols in the literature are variable (Table 1 ). They prefer ultrasound (less expensive and nonradiating) in patients under 20 years of age, and they have relatively spaced-out follow-up (rareness of complications in this age bracket) [5, 20, 21, 37, 38] . 
RECOMMENDATION 2: SCREENING AND MONITORING DURING THE FIRST TWO DECADES OF LIFE
What kind of monitoring in adulthood?
After the age of 20, the growth of AMLs slows down. We do not know if there is an age beyond which growth is zero [10] . Long-term monitoring of renal abnormalities has not been studied. Adults with kidney damage have three major risks: haemorrhagic rupture of an AML (most often after 20 years of age), CRI due to progressive destruction of the kidneys by AMLs (RPC is generally diagnosed before 20 years of age) or a malignant tumour. These risks justify, in some cases, the need for monitoring using imaging [10, 16] . The ultrasound is not ideal, as it does not assess the size of the AMLs well, especially if they are coalescent. CT scan and MRI have better precision [39, 40] . CT scan, thanks to its short acquisition time, can make it possible to avoid general anaesthesia, but repeated use exposes the patient to high doses of radiation [40, 41] . Non-radiating MRI is an alternative for monitoring, but its duration can make general anaesthesia necessary. 
RECOMMENDATION 3: MONITORING MODALITIES IN ADULTS
How to distinguish between an angiomyolipomas and a malignant tumour. Are there indications for percutaneous biopsy of kidney masses?
On ultrasounds, AMLs are homogeneous and hyperechogenic [42] [43] [44] [45] with a non-pathognomonic appearance, since up to 8% of kidney cancers are hyperechogenic [45] . AML is, with a few rare exceptions [46] [47] [48] [49] , the only kidney tumour that contains a fatty contingent. CT scan thus confirms the diagnosis by showing the presence of fat in the tumour (areas of negative density) [43, 50, 51] . MRI is not used very commonly in the positive diagnosis of renal AMLs.
Certain AMLs have a very minority fatty contingent (< 10% [52] ), which is undetectable on the CT scan. These ''fat poor AMLs'' account for 2.5 to 6.9% of operated kidney tumours [53] [54] [55] . Ultrasound is not informative, as fat poor AMLs are generally iso-or hypoechogenic [56] [57] [58] . Up to 39% of AMLs associated with TSC appear not to have a fatty component that can be visualised using CT scan [59] . Therefore, we cannot suggest biopsy for all renal masses that do not contain fat of patients with TSC. The main criteria for suspecting a cancer are rapid growth, calcifications, or central necrosis [60] . The interpretation of the speed of growth must take into account the circumstances where the AMLs progress: adolescence, pregnancy or oestro-progestin treatment [9, 10, 14, 20, [61] [62] [63] . In 12 patients (206 renal masses) monitored for a duration of 2 to 8 years (median, 4 years), three fast-growing masses (> 0.5 cm/year) were reported, including a renal cell carcinoma confirmed by biopsy [59] . As the AMLs associated with TSC are generally multiple and bilateral, the discovery of a single renal mass without a fatty contingent can also be a cause for biopsy.
RECOMMENDATION 4: INDICATIONS FOR THE BIOPSY OF RENAL MASSES
4a Given the high proportion of fat poor AMLs associated with TSC, the absence of fat in a renal mass is not a sufficient criterion for proposing a biopsy. 4b A biopsy can be considered to rule out a malignant tumour if there are calcifications, central necrosis or rapid growth of a mass without a fatty contingent, or if there is a single renal mass without a fatty contingent.
Should pulmonary lymphangioleiomyomatosis systematically be screened for in patients with renal damage caused by tuberous sclerosis complex?
Pulmonary lymphangioleiomyomatosis (LAM) is a rare disease that can be isolated or associated with TSC. It concerns almost exclusively adult women and combines pneumothorax, chylothorax and dyspnoea that can lead to terminal respiratory insufficiency. Chylous ascites and lymphangiomas can also be encountered [64, 65] .
In 388 patients (of both sexes) with TSC, 9 (2.3%, all women) had symptomatic LAM [66] . Three studies have researched the existence of LAM using chest CT scans in patients with TSC: 26 to 39% of these patients had pulmonary cysts that were compatible with asymptomatic LAM [67] [68] [69] . LAM is commonly associated with renal AMLs (32 to 53%) [65, 70] . The incidence of LAM in patients with bilateral AMLs has been estimated to be between 6.4% and 24.8% [64] . The European Respiratory Society has recommended systematic screening for LAM using a chest CT scan in all women with TSC at 18 years of age, then, if this first CT scan is negative, at 30 to 40 years of age. The chest CT scan is only indicated in men if they have respiratory symptoms [64] . What therapeutic strategy should be adopted in case of spontaneous rupture of an angiomyolipomas?
Spontaneous rupture of an AML ranges from a limited and resolving perirenal haematoma to fatal bleeding. Conservative treatment (intensive care and transfusions) can prevent renal procedures in the long-term [71] , but in principle, a spontaneous rupture requires treatment to avoid putting the patient's life in danger and to prevent a relapse [5, 14, 33, 37, [72] [73] [74] [75] [76] [77] [78] [79] [80] [81] [82] .
Conservative surgery, which is difficult in an emergency situation, often ends up in a haemostasis nephrectomy. Percutaneous embolisation can treat the origin of the bleeding with a low complication rate ( Table 2 ). Bleeding relapses after emergency embolisation can occur (0 to 60% of cases) in a time period of up to 3 years. They are generally treated with success via a second embolisation [72] [73] [74] 78, 83] . Use of surgery is rare when embolisation is used as first-line treatment ( Table 2 ). 
RECOMMENDATION 6: TREATMENT OF A SPONTANEOUS HAEMORRHAGIC RUPTURE OF AN AML
Should angiomyolipomas associated with tuberous sclerosis complex be treated preventively? If yes, based on what criteria and using what technique?
Sporadic AMLs of more than 40 mm have more risks of complications. Preventive treatment with embolisation or surgery is recommended [14, 76, [84] [85] [86] . AMLs associated with TSC progress more quickly [15] and appear to become complicated more frequently [15, 72, 74, 87] . A threshold of 35 mm has thus been suggested for their prophylactic treatment [88] . However, the frequency of their complications could simply be due to their larger mean diameter and their larger number per patient.
In two studies, the mean size of the AMLs (sporadic or associated with TSC) embolised for bleeding was 85 mm (35 to 200 mm) and 78 mm (45 to 180 mm) [75, 89] and the individual bleeding risk remains moderate, even in patients with TSC (approximately 6%) [10] . Some have thus suggested a threshold of 80 to 100 mm for the prophylactic treatment of AMLs associated with TSC [33, 85] .
The size alone, however, does not appreciate the risk of bleeding very well. The relative importance of the vascular and fatty contingents and the existence of intra-tumoural micro-aneurisms of greater than 5 mm could also be risk factors [90, 91] . Unfortunately, the detection of microaneurisms requires arteriography.
Surgery or embolisation can be used for the preventive treatment of AMLs.
Surgical removal of sporadic AMLs has a low risk of complications and relapse (Table 3 ) [92] [93] [94] [95] [96] . However, partial surgery is clearly more complicated in TSC due to the multiplicity of AMLs.
Embolisation appears to be the easiest solution for AMLs in patients with TSC, with few complications [ Table 2 ] [33, 37, [73] [74] [75] 77, [80] [81] [82] [83] 89, 97, 98] . Six to 100% of patients have a ''post-embolisation syndrome'' with lumbar pain and fever, which can be controlled with a non-steroidal antiinflammatory treatment [73] or short-term corticosteroid treatment [99] . Embolisation causes a reduction in the diameter of the treated AML, the importance of which (20 to 70%) depends on the proportion of vascular and fatty contingents. The fatty part of the AML does not regress very much after embolisation [37, 75, 81, 82, 87, 89, 90, 98] but there are however some exceptions [100] . The reduction in size is accentuated over time: in the Takemayashi et al. series, it was 29.4%, 45.7% and 59.3% at 3, 6 and 12 months, respectively [101] . Embolisation can be repeated during monitoring in 6 to 50% of patients ( Table 2 ). In a series of 44 treated kidneys, survival without re-embolisation was 71% at 5 years and 37% at 10 years, and survival without surgery was 94% at 5 and 10 years [73] . Embolisation, therefore, appears to avoid surgery, but at the price of repeated sessions. The percentage of spontaneous bleeding after embolisation is low (0 to 5.3%, Table 2 ). 
RECOMMENDATION 7: PREVENTIVE TREATMENT OF AMLS
7a Any preventive treatment of an AML must be validated in a multidisciplinary manner and discussed with the patient and his or her family, who must be informed of the potential complications of treatment and the uncertainties with regard to the prediction of the bleeding risk. 7b A preventive treatment is recommended for asymptomatic AMLs cumulating bleeding risk factors: size greater than 80 mm, predominant vascular contingent, presence of micro-aneurisms. 7c A preventive treatment can be considered for AMLs that are greater than 40 mm after informed consent of the patient and his or her family, especially if there are other risk factors (risks of lumbar trauma, intention to become pregnant, anti-coagulant treatment, distance from a healthcare centre, etc.). It must be validated in a multidisciplinary manner (7a). 7d When preventive treatment of an asymptomatic AML is decided, embolisation must be suggested as first-line treatment. 7e Embolised AMLs must be checked by CT scan (or MRI) at 1 and 2 years. If the result is good, monitoring every 2 years is sufficient from that point on (3b). 7f When there is an indication for preventive treatment, surgery can be an option if there is failure of embolisation or in certain particular cases (isolated AML, exo-renal location, predictable difficulties for post-embolisation follow-up, etc.).
What is the best technique for embolisation?
There is no consensus regarding the embolic agent(s) to be used ( Table 2 ). Proximal embolisation alone (for example, using coils) exposes the patient to the risk of revascularisation via collateral branches. Embolisation of the tumour bed alone (for example, using microparticles) leaves the microaneurisms to be treated and exposes the patient to their rupture due to excessive pressure [74, 80] . Double embolisation of the tumour bed and the proximal trunks is therefore required. The small size microparticles (< 150 ) seem less effective than the large ones (> 150 ), with a risk of re-embolisation that is six times higher [89] . Three cases of respiratory distress with pulmonary hypertension after embolisation with microparticles less than 500 [89] and five cases of fatal pulmonary embolism after embolisation of hepatic masses with microparticles of 40 to 120 have been described [102] [103] [104] . It, therefore, seems prudent to use microparticles that are greater than 500 for which no complications of this type have been reported.
Ethanol, which is only for use by teams that have been trained in handling it, can be used. The dose of 0.25 mL/kg must not be exceeded due to the cardio-respiratory risk. Onyx has also been used [105] , but it is too early to draw any conclusions.
RECOMMENDATION 8: EMBOLISATION TECHNIQUE
8a Embolisation must concern both the tumour bed and the proximal trunks upstream of the microaneurysms. 8b If microparticles are used, their size must be greater than 500 to reduce the risk of intrapulmonary passage. 8c Ethanol is effective but must only be used by teams that have been trained in its endovascular use.
What advice should be given to a woman with angiomyolipomas who would like to become pregnant or who would like a contraceptive treatment?
Pregnant patients should know that the child has a 50% risk of being a carrier of the disease. Pregnancy and oestro-progestin contraception are risk factors for the progression and/or spontaneous rupture of AMLs [61, 62, [106] [107] [108] [109] [110] [111] [112] .
Patients with a related LAM have an increased risk of pneumothorax and chylothorax in case of pregnancy and administration of oestrogen can accelerate the degeneration of their respiratory function [64] .
RECOMMENDATION 9: ADVICE FOR PATIENTS WHO WOULD LIKE TO BECOME PREGNANT OR WHO WOULD LIKE AN OESTRO-PROGESTIN TREATMENT
9a Patients with TSC who would like to become pregnant must have a genetic consultation before any conception. 9b Patients with TSC who would like to become pregnant must be informed of the risks inherent to a possible pregnancy: AML rupture and (in case of related pulmonary LAM) risks of pneumothorax, chylothorax and progression of respiratory insufficiency. 9c Patients with TSC who have renal AMLs (and/or pulmonary LAM) should avoid oestrogenic treatments (oestro-progestin pill, oestrogen replacement treatment) due to the risk of rupture of renal AMLs and progression of the pulmonary LAM. 9d A preventive treatment can be considered for AMLs greater than 40 mm after informed consent of the patient and of his or her family, and multidisciplinary discussion, if the patient would like to become pregnant (7c).
Is there a role for treatment with mTOR inhibitors?
Two prospective non-randomised studies used sirolimus [113, 114] . One randomised study (everolimus versus placebo) is ongoing. The studies with sirolimus showed a regression of the volume of the AMLs under treatment. In the first study, at 12 months, the volume of the AMLs was 53.2 ± 26.6% of the initial volume. But the size of the AMLs increased again after discontinuation of treatment and their volume after 12 months of discontinuation was 85.9 ± 28.5% of the initial volume [113] . In the second study, the response rate (RECIST criteria) was 80% for patients who remained in the study until the end (8 out of 10). It should be noted, however, that five AMLs grew during treatment in two patients who withdrew from the study early [114] .
Serious complications under treatment (stomatitis, diarrhoea and various infections [particularly pulmonary infections]) are numerous: six out of 25 patients in the first study, seven out of 16 (including one death) in the second study and one case of retroperitoneal bleeding [113] .
Treatment with mTOR inhibitors can have beneficial effects on the respiratory function of patients with LAM by improving [113] or slowing down its deterioration [114, 115] . It may improve certain cognitive functions [114] .
In all, treatments with mTOR inhibitors can significantly reduce the volume of most AMLs (but not of all AMLs). Their effect is reversible upon treatment discontinuation. It has not yet been proven that the decrease in the size of the AMLs is accompanied by a decrease in the bleeding risk. The benefit/risk ratio of mTOR inhibitors is not sufficiently favourable to use them as first-line treatment.
RECOMMENDATION 10: ROLE OF TREATMENT WITH MTOR INHIBITORS
10a Due to their potential adverse effects, mTOR inhibitors should only be prescribed by specialised teams and if possible within the framework of clinical studies. The creation of a national registry listing patients treated outside of a protocol is encouraged. 10b mTOR inhibitors must not be used as first-line treatment in the treatment of renal AMLs.
